A four-coordinated Rh(I) complex with a new heterocyclic carbene ligand, functionalized by amino donor pendants, 4, was synthesized and characterized by elemental analyses, NMR and IR spectroscopy, and the molecular structure of the title compound has been determined by Xray crystallography. Crystallographic data: monoclinic, P2 1 /m, a = 7.9307(5), b = 25.0061(12), c = 8.0780(6)Å, β = 101.366(6) • , V = 1570.58(17)Å 3 , ρ calc = 1.3515(1) g cm −3 , Z = 2. The experimentally obtained structural parameters for compound 4 compare reasonably well with those calculated at the semi-empirical ZINDO/1 level of theory carried out to elucidate conformational flexibility and steric hindrances.
Introduction
The renaissance of metal complexes of N-heterocyclic carbenes began after their use as alternatives for phosphine complexes used in homogeneous catalysis [1 -5] . The use of CC-saturated imidazolidin-2-ylidene ligands results in even higher catalytic activity. Examples of such reactions include the Heck olefination of haloarenes [6] , hydroformylation [6] , the asymmetric hydrosilylation of acetophenone [7, 8] , hydrogenation [9] and cyclopropanation of alkenes [10] .
The nature of the N-substituents of the carbene ligand has a pronounced effect upon the catalytic activity of the complexes [10, 11] . On the other hand, biphasic catalysis consisting of a water-phase containing catalytic species and a non-miscible organic phase continues to attract interest in view of industrial applications [12] . For this purpose a number of attempts have been made to introduce hydrophilic functional groups on convenient ligands, mainly phosphines [12 -15] . Despite their similar catalytic behaviour, examples of hydrophilic carbene complexes are rare [16, 17] . The employment of highly reactive nucleophiles as well as electrophiles at different stages of the imidazolidin-2-0932-0776 / 05 / 0800-0837 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ylidene metal complex synthesis precludes the presence of many types of functional groups [17, 18] . As a possible system for this research, we have chosen 4-diethylamino-2-methylphenyl as the N-substituent. The presence of peripheral -NEt 2 group is expected to improve water solubility through quaternization of this group.
Experimental Section

Materials and methods
All manipulations were performed by using Schlenktype flasks under dry argon and standard high vacuumline techniques. The solvents were analytical grade and distilled after drying. NMR spectra were recorded at 297 K on a Varian instrument at 400 MHz ( 1 H), 100,56 MHz ( 13 C). Elemental analyses were carried out by the analytical service of TUBITAK with a Carlo Erba Strumentazione Model 1106 apparatus. Crystallographic data from single crystal X-ray diffraction have been collected with the STOE IPDS2 diffractometer. 
Preparation of the title compound
X-ray crystallography
Suitable crystals were obtained directly from the synthesis as yellow needles. The structure was solved by the Patterson method (SHELXS-97) [19] and refined by fullmatrix least squares techniques (SHELXL-97) [20] . Details 
25.0061 (12) (11) of the crystal data * , parameters for data collection, the solution and refinement procedures are given in There is half an independent molecule in the asymmetric unit.
Computational details
The initial molecular structure obtained from the Xray crystallographic study was optimized by ZINDO/1 [22] semi-empirical quantum mechanical calculations at the spinRestricted Hartree-Fock (RHF) level [23, 24] without any symmetry constraints. ZINDO/1 has been parameterized to generate geometries of molecules including transition metals. The optimized geometry was obtained by the application of the sequential conjugate gradient method, called the Polak-Ribiere [25] and Eigenvector Following [26] optimization algorithm with a convergence limit of 0.01 kcal/mol and an RMS gradient of 0.05 kcal/Å mol. The semi-empirical calculations were carried out using the HyperChem 6.0 program package [27] . After geometry optimization, to obtain the molecular energy profile versus the selected torsion angle [T(C17-N2-C1-C6)], this torsion angle was varied from −180 • to +180 • in steps of 10 • , and the energy profile of the molecule was obtained by single point calculations on the computed potential energy surface. Probability-weighted coordinates of C13, which is disordered in the crystal, were used in the computations.
Results and Discussion
The key intermediates 1 -3 were obtained readily by the condensation of 2-methyl-4-diethyla-minoaniline with glyoxal. The resulting Schiff base 1 underwent a smooth reduction providing the ethylenediamine 2 which was converted to the corresponding imidazolinium chloride by treatment with CH(OEt) 3 in the presence of NH 4 Cl. Next, the salt 3 was deprotonated in situ with [Rh(µ-OMe)(1,5-COD)] 2 to afford the desired complex 4.
Elemental analyses and NMR spectra were in agreement with the proposed structure. The clearest spectroscopic evidence identifying 4 as a carbene complex is the appearance of a highly deshielded 13 C NMR doublet for C carb at 214.80 ppm (J RhC = 47.3 Hz). The IR spectrum of 4 shows a strong band at 1520 cm −1 attributable to ν(CN 2 ). The absorption bands in the 1400 -1600 cm −1 regions arise from the skeletal vibrations of the aromatic rings of the ligand.
A thermal ellipsoid drawing of compound 4 is shown in Fig. 2 [28] . Fractional atomic coordinates and equivalent isotropic displacement parameters for the non-hydrogen atoms are listed in Table 2 . Single crystal X-ray diffraction analysis confirmed the monomeric structure of 4. Several features of this structure, including the planar geometry around the Rh atom and the short N-C carb distances (∼ 1.34Å), are consistent with a carbene complex structure. Rh1, Cl1 and C16 atoms have special positions (y = 1/4). No chiral centers are found in the molecule, which has two-fold symmetry on the mid points of the C12-C12 i and C15-C15 i bonds. Rh1, Cl1 and C16 are located on the mirror plane and the whole molecule has mirror plane through the Rh1-C16 bond. Weighted average ring bond distances in the cyclooctadiene and carbene rings are 1.4395 and 1.3908Å, respectively. The COD ring exhibits a boat conformation with the Rh-C COD distances ranging from 1.994(4) to 2.203(4)Å. The bond distances Rh1-C12 and Rh1-C12 i are shorter than Rh1-C15 and Rh1-C15 i . These results agree with the literature values [29, 30] . Bond distances between C and N atoms in the N-heterocyclic carbene ring have considerable differences. Although both C16-N2 and C17-N2 are single bonds, C16-N2 [1.339(3)Å] is shorter than the others. Similar arguments can be proposed for the C17 i -N2 i and C16-N2 i bonds. The theoretical studies indicate that the stability of these carbenes is due to electron donation from the nitrogen lone pairs into the formally vacant p(π) orbital of the carbene carbon [31] . Indeed, excess charge located on the carbene carbon atom linked to rhodium is relatively higher than on other carbon atoms in the molecule, whereas excess charges located on the nitrogen atoms in the carbene ring are lower than on other nitrogen atoms in the molecule (see Fig. 5 ). The Cl-Rh-C carbene angle of 88.89 (12) • is in consistence with this type of compounds in the literatures [1, 2, 6, 16, 32 -34] . The dihedral angle between planes defined by Rh-C12-C12 i and Rh-C15-C15 i is 87.3(3) • . The deviation of the chlo- rine atom from the plane Rh-C12-C12 i is 0.045(1)Å, and the deviation of C carbene from the plane Rh-C15-C15 i is 0.005(3)Å. When midpoints of C12-C12 i and C15-C15 i are considered, it can be stated that the title compound is a cis isomer. These midpoints, the chlorine atom and C carbene exhibit a slight distortion from exact planarity at the rhodium atom. The coordination geometry about the rhodium center is approximately square-planar, as expected for a 16ē Rh(I) complex. Throughout the refinement process, C13 was treated as disordered. Although the optimized geometry of the molecule is in C 1 molecular point symmetry group, the crystallographic structure is in C S point symmetry group. Except for this difference, no considerable difference is found in the study. Some geometrical parameters obtained by the different methods are compared in Table 3, and energy parameters are given in Table 4 .The calculated energy profile from ZINDO/1 versus the torsion angle T(C17-N2-C1-C6) is given in Fig. 4 . In this profile, the prominent peak near to 0
• is due to steric hindrance between the methyl group linked to C2 and the COD ring, especially the rhodium atom. The other peaks are also primarily due to the rhodium atom and COD, not due to the position or orientation of the chlorine atom.
